The title compound crystallizes with an orthorhombic P cell, a = 893.5(1), b = 949.2(2), c = 1520.6(3) pm; Z = 4, space group Pnab. Its molecular conformation has crystallographic C2-symmetry with one phenylene ring in the plane of the three oxygen atoms, the other rings extending almost perpendicularly above and below this plane. The two kinds of oxygen atoms in the molecule show characteristic differences with respect to CO bond lengths and COC bond angles; only the oxygen lying on the C2-axis (joining the "perpendicular" rings) exhibits Ti-interactions with its phenylene rings. The influence of electronic and steric factors on the preferred conformation of the class of compounds (arylene)3X3 is pointed out.
Starting from the parent compound 10,15-dihydro-5 H -tribenzo[a,d,g]cyclononene (cycb-tnbenzylene, CTB, 1) [2] , orits2,3,7,8,12,13-hexamethoxy substituted analogue (cycto-triveratrylene, CTV, 2) [3, 4] , replacement of the bridging methylene groups by the equivalent 0 or S atoms leads to the title compound (trimeric o-phenylene oxide, PI1113O3, 3) [5] and cycZo-trithiatriveratrylene (Vn3S 3 , 4) [6] , resp., while substitution of only one methylene group yields structures 6-8 [2, 7] . Interest in this class of compounds has been stimulated by their potential occurrence in two conformational isomers, referred to as crown and saddle forms [8] , and the underlying mechanism of * Reprint requests to Prof. Dr. G. Klar.
0340-5087/81/1200-1526/$ 01.00/0 isomerization and inversion. Furthermore, due to their relation to crown ethers, o-phenylene chalcogenides deserve attention as potential complexing agents which may act selectively toward certain metal ions [9] .
While 1 has been shown by NMR [4] and X-ray diffraction [10] to exist in the crown form A, an equilibrium of two conformers has been found in solutions of 4 [6] and both forms have been isolated and characterized by X-ray structure determination : one has the crown form A with crystallographic three-fold symmetry [11] , the other a distorted saddle form B 2 approximating C 2 -symmetry [12] . In the case of the oxygen compound 3 only one form has been observed either in solution or in the solid state, but prior to the present X-ray investigation no structural assignment had been possible.
Crystal Structure Determination
Suitable single crystals of the title compound 3 were obtained by crystallization from chloroform. The results of the X-ray analysis by which all atoms including hydrogen could be located are given in Table I . Fig. 2 shows the crystal structure of 3.
Description and Discussion of the Structure
The molecular structure of 3 is that of the pseudosaddle form B 2 with crystallographic site symmetry [8] , with one of the arylene rings inverted to a position above the X3 plane (C 8 symmetry). B 2: pseudo-saddle form, obtained by positioning a second ring in the X3 plane in such a way that a C2-axis results bisecting the in-plane arylene ring and going through the opposite X atom. In contrast to A and B1 Dreiding models of B 2 reveal conformational strain. C2 (Fig. 3) . The twofold axis includes 01 and bisects the line 02 •••02'; ring 2 lies in the plane of 01-02-02', while rings 1 and 1' are inclined by 78.6° above and below this plane.
Beyond the obvious non-equivalence of 01 and 02 (02') with regard to symmetry there are significant differences in structure parameters. At Ola short CO bond length (137.8(3) pm) is associated with a large COC angle (126.7(3)°) contrasting the situation around 02 and 02' (140.4(3) pm on average and 112.6(2)°). A straightforward conclusion from these data is then to invoke strong interactions between 01 and rings 1 and 1' bonded to it with significant ^-contribution, and normal a-bonds with no additional ^-bonding at 02 and 02'. This is further supported by looking at the dihedral angles COCC which are 33.1° around 01 and 65.8° for C12-0 2-C21-C21'(-114.5° for C 21-0 2-C12-C11 resp.). Using simple calculations for yr-type orbitals it is evident that there is only a slight decrease in ^-interaction energy at 01, but a substantial reduction at 02 relative to a planar arrangement.
A comparison of the C2 saddle form (B 2) found for PIUI3O3 (3) with the previously reported structure of the saddle form of VnsSs (4) [12] , Fig. 4 , reveals the close similarity of the two structures. Thus, although there is neither a C2 axis nor a mirror plane in 4, the distortions from the ideal geometry B 2 are slight in comparison with those from B 1, which was originally chosen as reference [12] . Table III summarizes the relevant structural parameters of PIUI3O3 and V113S3. Unlike PhnsOs, the CS bond lengths in V113S3 are not significantly differentiated, reflecting the virtual absence of C-S rc-interactions. This difference in ^-bonding capability is further accentuated by looking at the environments of the unique bridging atoms 01 and S 3 resp.: The distortions of C-S inter- 119 (2) 123 (2) 116 (2) 124 (2) 115 (2) 120 ( 111.0(2) C131-S1-C121 100.9(2) C122-S2-C231 102.7(2) C131-C132- actions (e.g. a CCS angle of 130°, a large deviation (21 pm) of S3 from a phenylene plane) are in the direction of minimizing the CSC angle to a value closer to the usual range of 102-105° for diaryl sulfides [13] . On the other hand, although CC0 angles of 126° (indicating deviation from optimum ff-overlaps on the part of carbon) and deviations of 01 out of the phenylene planes (11 pm) can also be construed to imply minimization of the COC angle, the shifts are much less pronounced than for Vn3S3; a further shift would adversely affect jr-bonding without a compensating gain in ^-interactions. From the observed preference for the saddle or crown form in the three (aryleneJsXs compounds characterized by X-ray analysis (and shown to persist also in solution) the following conclusions can be drawn: 1. In the C2 saddle form, one of the CXC angles must be significantly larger than the usual valence angle, as has been noted before from building of Dreiding models [7] and is clearly evident in PI1113O3 and V113S3; the resultant cr-bond strain could be averted in the alternative C s saddle form B 1, but in this case would lead to strong steric repulsion between the bridging group lying in the mirror plane and the arylene jr-system opposite. 2. In the crown form steric interactions between adjacent ort Ao-hydrogen atoms on different phenylene rings dictate a minimum CXC angle which in the case of PI1113O3 would be ca. 120° (assuming Chv geometry), while for both V113S3 and CTV it roughly corresponds to the preferred valence angle. There should be comparatively little a-strain in the crown form. However, since the dihedral angles are then close to 90°, there can hardly be any ^-interaction; this is contrasted by the possibility of such interaction at the unique bridging group in the C2 saddle form. The relative stability of crown and saddle forms is then determined primarily by the ^-bonding capability of the bridging group. Thus, for Phn303 only the saddle form has been found. It may be noted parenthetically that the same is very likely true for the non-benzo analogue, 1,4,7-trioxacyclononatriene, where a C2 conformation has been invoked from NMR spectra [14] ; in view of the present investigation this assignment seems highly probable; e.g. as in the case of Phn303 it also has not been possible to obtain complexes of trioxacyclononatriene [15] . On the other hand, the not yet synthesized (arylene)3Se3 and (arylene)sTe3 would be expected to exist predominantly in the crown form. A more ambigous situation arises for V113S3 where both forms exist in equilibrium. Even if ^-interactions cannot be discerned from bond lengths or angles, the preferred conformations of diarylsulfides [13, 16] would suggest the saddle form to have the more stable overall conformation, but the existence of the crown form of V113S3 lends support to the increasing importance of the crown as ^-interactions become less relevant. The exclusive existence of CTV in the crown from further illustrates this point.
Additional evidence for the importance of 71-interactions in determining the relative stability of crown and saddle forms comes from spectroscopic investigations of the ct/cto-tribenzylene derivatives 5-8 [7] , In addition to CTB (1) itself, 7 and 8 are exclusively crown, while 6 shows a temperaturedependent equilibrium of crown and saddle forms. For 5 only the saddle form has been found. In the latter case, earlier investigations on the hexamethoxy substituted 5 [7] revealed conjugation with the phenylene rings from which the authors postulated a C2 saddle-like conformation, as has now been demonstrated to exist in the solid state of 3 and 4.
NMR Studies
In solution the saddle forms of Phns03 (3) and Vn3S3 (4) are non-rigid, the arylene rings being equivalent on the NMR time scale indicating rapid fluctuation among the degenerate saddle forms (Fig. 5) ; in addition, equilibrium involving the crown form takes place in 4.
The X H NMR spectrum of 3 shows the signals of only one AA'BB' system and only three types of carbon atoms can be distinguished by 13 C NMR. The X H NMR spectrum of a benzene solution of 4 reveals two sets of signals with relative intensities 1:4, each set having two singulets, one for aromatic, one for methoxy protons (relative intensities 1:3 each). To assign the sets of signals to the crown and saddle forms resp. the complex of copper(I) chloride with the crown form of 4 [9, 17] was decomposed by cyanide ions, the liberated ligand extracted with benzene and the solution immediately measured by NMR. At first only one set of signals (of the crown form) was observed; within a few minutes the second set (of the saddle form) appeared to predominate when equilibrium was reached after four hours. When a solution of 4 in benzene (with crown and saddle forms) was extracted with a solution of copper(I) chloride in hydrochloric acid the crown form was removed and only the set of signals of the saddle form was found in the NMR spectrum immediately there after, but again attainment of equilibrium could be observed [9] .
Experimental

Structure determination
X-ray data collection was made on a Syntex P2x four-circle diffractometer using the 0/20-scan technique and Mo-Kc radiation (A = 71.069 pm). Lorentz and polarization corrections were applied; no absorption correction was deemed necessary in view of the small absorption coefficient and crystal size (largest dimension ca. 0.5 mm). Of 1141 independent reflections 717 had F > 2 o and were used in the Fourier and least-squares procedure. The structure was solved by direct methods. After anisotropic refinement of the heavy atoms, hydrogen atom positions could be found from a difference Fourier map. Inclusion of these with isotropic temperature factors gave a final R = 0.052, R g = 0.03. All calculations used the SHELX 76 program system [18] .
NMR measurements
3: *H NMR (Bruker WH 270, solvent: CDC1 3 , reference: (CH^Si) 12 fines of an AA'BB' system could be distinguished, evaluation by an iteration program [19] led to: 
